The dioxime of 1,2-dibenzoylpentamethylruthenocene is synthesized from its parent diketone and hydroxylamine under standard basic conditions. The slightly air-sensitive product is crystallized in the form of its monohydrochloride. The solid-state structure is the first example of a dioxime monohydrochloride showing a typical metallocene core with peripheral intramolecular N-H-N and O-H-Cl hydrogen bonding.
Introduction
Simple vicinal dioximes represent the well-known chelating ligands with numerous applications in coordination chemistry [1, 2] , catalysis [3, 4] , and supramolecular chemistry [5] [6] [7] . Based on our earlier work [8, 9] with metallocene metalloligands, we address in this work a new organometallic hybrid dioxime composed of a redox-responsive ruthenocene core and conjugated dioxime functional groups. Synthetic and structural properties in solution and in the solid state are reported. 2 , 3 , 4 , In the first Schlenk vessel, a solution of 1,2-dibenzoyl-1 ,2 ,3 ,4 ,5 -pentamethylruthenocene [8, 9] (0.200 g, 0.40 mmol) in dry ethanol (5 mL) was prepared at room temperature. In the second Schlenk vessel, a solution of hydroxylamine hydrochloride (0.400 g, 5.76 mmol) in dry ethanol (5 mL) and freshly distilled, dry pyridine (4.96 mmol, 0.40 mL) was similarly prepared. Under protection from air, the two solutions were combined and heated to reflux for 45 minutes. Workup is as follows: pyridine and most volatile materials were removed on a vacuum line. Under protection from air, the residue was repeatedly extracted with small portions (2 mL) of warm, dry ethanol. The ethanolic solutions were filtered through a syringe filter, and the combined extracts were cooled in an ice/water-bath for crystallization. Without protection from air, the crystallized product was filtered off, washed with two portions of cold water, and dried under vacuum, affording 0.125 g of orange-yellow 1,2dibenzoyl-1 ,2 ,3 ,4 ,5 -pentamethylruthenocene dioxime in 57.9% yield. Note that this compound is air-stable in the solid state but slightly air-sensitive in solution. M.p.: 163 ∘ C (dec. Table 1 ). The data collection was performed on a Nonius Kappa CCD diffractometer equipped with graphite-monochromatized Mo--radiation ( = 0.71073Å) and a nominal crystal to area detector distance of 36 mm. Intensities were integrated using DENZO and scaled with SCALEPACK [10] . Several scans in the and directions were made to increase the number of redundant reflections, which were averaged in the refinement cycles. This procedure replaces an empirical absorption correction. The structures were solved with direct methods (SHELXS-86) and refined against 2 (SHELX-97) [11] . Hydrogen atoms at carbon atoms were added geometrically and refined using a riding model, whereas the hydrogen atoms at nitrogen and oxygen atoms were exactly localized and refined isotropically with bond restraints of 89 pm for N-H and 83 pm for O-H, respectively. The refinement of N-H distances without bond restraints leads to bond lengths of 99 and 103 pm for N2-H and N4-H. All nonhydrogen atoms were refined with anisotropic displacement parameters.
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Results and Discussion
Synthetically, 1,2-dibenzoyl-1 ,2 ,3 ,4 ,5 -pentamethylruthenocene dioxime is obtained in 58% isolated yield from the diketone by reaction with hydroxylamine hydrochloride and pyridine. This dehydrative condensation is a standard procedure for dioxime formation; however, protection from air is mandatory in this case due to the sensitivity of the product towards dehydration/dehydroxylation promoted by the strong electron-donating effect of the pentamethylruthenocene moiety. Structural properties in solution are in line with expectations, as shown by NMR spectroscopy. Interestingly, suitable single crystals for X-ray structure analysis were obtained only for the monohydrochloride of the product, but not for the neutral dioxime. In principle, oximes are acid-sensitive and give rise to the Beckmann rearrangement in the presence of electrophiles; therefore, this is quite unusual. There are many structural reports on dioximes, including studies focusing on their supramolecular chemistry based on N-H-O hydrogen-bonded architectures [12, 13] , but to the best of our knowledge no protonated dioxime has been characterized in the solid state. The compound crystallizes in the centrosymmetric space group P2 1 /c with a pair of planar chiral enantiomeric molecules in the asymmetric unit ( Figure 1 ). The planar chirality is due to the resolved, localized protonation of the nitrogen atoms N2 and N4, thereby forming two chemically nonequivalent hydroxyliminoyl substituents in the 1,2position of the lower cyclopentadienyl ring. Whereas a local pseudosymmetry of the monoprotonated 1,2-bis(hydroxyliminoyl)cyclopentadienide might seem evident, this symmetry is broken by the position of the five methyl groups Table 2) . As a consequence of the strong intramolecular N-H-N bonds, the C=N double bonds are twisted to the conjugated cyclopentadienyl planes, shown by torsion angles of averaged ±18 ∘ ( Table 3 ). The chloride anions are connected by two strong intramolecular O-H-Cl hydrogen (4) and Cp-rings: C6-C10 1.458(4), C6-C7 1.437(4), C7-C8 1.412(4), C8-C9 1.416(5), C9-C10 1.427(4), C30-C34 1.472(4), C30-C31 1.439(4), C31-C32 1.409(4), C32-C33 1.410 (5) , and C33-C34 1.435(4). Selected torsion angles: C6-C10-C11-N1 20.4(5), C10-C6-C18-N2 −14.3(5), C30-C34-C35-N3 −20.4 (5) , and C34-C30-C42-N4 17.2 (5) .
bonds with H-Cl distances between 214-221 pm, thereby preventing a supramolecular chemistry based on O-H-O hydrogen-bonds. Nevertheless, two weak intermolecular C-H-Cl hydrogen bonds at Cl1 with distances to phenyl hydrogen atoms of 285 and 286 pm lead to a distorted tetrahedral hydrogen coordination for Cl1 and build up a twodimensional sheet along the crystallographic axes (010) and (101).
Conclusions
The crystal structure of the hydrochloride of 1,2-dibenzoyl-1 ,2 ,3 ,4 ,5 -pentamethylruthenocene dioxime is a unique example of a protonated oxime featuring intramolecular N-H-N and O-H-Cl hydrogen bonding as well as planar chirality.
